INTRODUCTION
Among native maple species, only sycamore (Acer pseudoplatanus L.), occurring mainly in mountain and piedmont regions in the south of Poland, is of significance in terms of forest-forming processes (Boratyński, 1999) . It forms its own stands or, more frequently, occurs in a single or group form, performing the role of the improvement admixtures (J a w o r s k i , 1994). For several years, in many such stands a relatively high frequency of occurrence of disease symptoms and dieback of sycamores has been observed, in particular in middle and older age classes. The reasons for these disturbing processes are not known yet.
Periodic intensifications of the disease processes of sycamore have already been observed in other countries, in particular Austria, Switzerland and the United Kingdom (Pe a c e , 1962; R a w l i n g , 1972; B e v e rc o m b e and R a y n e r , 1978; Mu r r a y , 1978; G r eg o r y , 1982; Jansen et al., 1992; C e c h , 1995) . Attention should be paid to the great role of extreme climatic conditions in this process, in particular drought and low temperatures. The following are most often included in fungi contributing to the development of cankers on sycamore branches and trunks: Nectria cinnabarina (Tode: Fr.) Fr., Nectria coccinea (Pers.:Fr.) Fr., Dichomera saubinetii (Mont.) Cooke, Valsa ambiens (Pers.: Fr.) Fr., Phomopsis pustulata Died. i Diplodina acerina (Pass.) Sutton (B e v e r c o m b e i R a y n e r , 1978; G r e g o r y , 1982; G r z y w a c z , 1999). A systemic disease of sycamores, the so-called verticiliosis, is caused by Verticillium albo-atrum Reinke et Berth. and Verticilium dahlie Kleb. (Smith, 1979) . In North America and Western Europe, sycamore trunks are also affected by Cryptostroma corticale (Ell. et Ev.) Gregory et Waller (Peace, 1962; Cech, 2004) . There is also a possibility of infection of sycamores by fungi causing dangerous diseases of other maple species, the diversity of which is particularly great in North America (Hepting, 1971) .
The aim of the studies in the Rymanów Forest Unit was to determine disease symptoms in sycamores, the frequency of their occurrence in different-aged trees and the frequency of sycamore in the species composition, as well as to identify fungi most frequently occurring in the area of bark cankers on trunks and accompanying internal symptoms in trunk wood.
The study was conducted under a Ministry of Science and Higher Education research project No. 2 P06L 036 26.
MATERIAL AND METHODS
Field studies were conducted in the years 2003 -2005 in 13 stands of the Rymanów Forest Unit aged between 40 to 100 years, which had 10% -60% of sycamore in their species composition (Tab. 1). They grew on a mountain forest site, except for one stand (comp. 55b) which occurred in a mountain riparian forest. In each of them 100 trees were examined, growing next to each other in the central part of the stands, also making a measurement of their diameter at breast height. The disease symptoms, on trunks and in the crown area of each tree, and their intensity were determined according to the predefined symptomatic -developmental code.
During the field studies, more than 80 fragments were collected from trunks of living and dead trees showing symptoms of local cankers and bark peeling off exposing wood. In the laboratory, fungi were identified based on fruiting bodies present on them, a description and photo documentation of the disease symptoms were made, as well as they were prepared for the isolation of fungi. After disinfection of the samples with 96% ethanol, their more deeply situated tissues were exposed, fragments with the dimensions of about 5 x 2 x 2 mm were sampled with a sterile scalpel and placed on Petri dishes on 2% malt -agar solidified medium (Difco, Sparks, USA). In order to isolate fungi, a total of 798 wood fragments were plated on the medium. The incubation took place at a temperature of 20 o C, with no access of light. The growing fungi colonies were isolated and, along with the occurrence of spores, they were identified for species.
RESULTS
The examined sycamores in the Rymanów Forest Unit showed a large variation in the disease symptoms and their occurrence frequency. Among 1300 analysed trees, only 13.7% did not show external, macroscopic disease symptoms (Tab. 1). There was a relatively large share of dead trees (15.0%), which in individual stands ranged 4.0 -32.0 % (Tab. 1). The diameter at height breast in dead trees most often ranged from 18 to 29 cm (Tab. 3). Top dying, found in 6.3% of trees, was a symptom occurring in tree crowns which evidenced the advanced disease process. In some stands, this symptom was proportionate to the number of dead trees, in other stands these relations were reverse (Tab. 1). Other symptoms in tree crowns included: entire branch dying or top dying, crown thinning, leaf atrophy and leaf discoloration (Tab. 1). Dead branches were present in 16.2% of trees, but in most of them less than 10% of branches in the crown had died (Fig. 1 ). Among trees with thinning crowns, the largest number of them had the loss of leaves ranging between 10% and 30% ( Fig.  2) . Trees with the diameter at breast height of 33 -50 cm showed crown thinning more than twice more often than trees with the diameter at breast height below 17 cm (Tab. 3). Leaves on thicker trees also had yellowbrown discoloration (Tab. 3). In 20.6% of the examined sycamores, symptoms of tar-spot disease were found, caused by Rhytisma acerinum (Pers.) Fr.
The disease symptoms occurring on sycamore trunks were also characterised by a large variation. The further proper growth of trees was most threatened by plate-like or strip-like necrosis of bark which then cracked and fell off, exposing wood. Such a symptom was observed in 8.6% of trees with the diameter at breast height ranging between 18 and 40 cm (Tab. 2, 3). Bark necrosis and wood exposure formed 1.5 times more frequently on the northern and western side than on the southern and eastern side (Fig. 3) . In 14.7% of trees, local bark cankers occurred on trunks (Tab. 2), among which healed cankers were predominant (10.3%). On trunks of 3.8% of trees, symptoms of tree cancer occurred, with different degrees of development. On trunks of 14.3% of the examined sycamores, longitudinal bark cracks occurred, sometimes exceeding even 30 cm in length. In 8.1% of trees, bark was cracked along the section from the rootstock up to 2 metres high, and only in 0.6% at a height of more than 4 meters. Bark cracks which did not cover more than ¼ of trunk girth were predominant (7.2%). They were present most frequently on the southern side of trunks (Fig. 3) . Frost ribs occurred only sporadically, they were found on the trunks of 5 trees (Tab. 2). Epicormic shoots also formed relatively rarely on trunks. They occurred more numerously only on 47-year-old sycamores in comp. 105a (Tab. 2). Table 1 Frequency of trees with disease symptoms in the crown of On the cross sections of sycamore trunks, the following internal disease symptoms occurred predominantly: T-shaped discolorations occurring in the place of local healed cankers (Fig. 4.) , free spaces formed between bark and wood in the place of unhealed bark cankers (Fig. 5) , dead wood regions in the place of local unhealed cankers and more widespread bark cankers, sometimes taking the form of a wedge-like sector reaching the part near the pith, in the area of which wood showed grey-brown discoloration or rot (Fig. 6) , as well as grey-green or grey-brown wood discolorations in the form of spots arranged in a characteristic pattern, in particular in the part near the pith (Fig. 7) .
On trunks of 184 (14.2%) sycamores, perithecia of Nectria coccinea were present. They formed in the area of cankers on bark and exposed wood alike (Fig. 8) . Fruiting bodies of Nectria cinnabarina, Eutypa acharii, Melanomma pulvis-pyrius and conidiomata of Cytospora ambiens, Aposphaeria cf. pulviscula and condiomata of Stegonsporium pyriforme occurred sporadically. As a result of isolations onto malt -agar medium, 19 fungi species were obtained from 798 wood fragments. The following were isolated most frequently: Nectria coccinea, Basidiomycetes sp.1, Chalara sp.1, Mollisia sp., Cadophora fastigiata, Nectria cinnabarina and Cytospora ambiens (Tab. 4) . N. coccinea developed in vitro the anamorphic stage, known under the name of Cylindrocarpon candidum (Link) Wollenw. (Fig. 9) . Species from the genus Chalara differed primarily in their size and the shape of phialoconidia (Figs. 10, 11) . Chalara sp.1, with its morphological features, best matched the anamorph of Ceratocystis coerulescens Muench s.l.
DISCUSSION
The analysis conducted in the stands of the Rymanów Forest Unit shows the advanced progression of the disease process in sycamores, leading relatively often to their dying. This process was observed in all the stands, irrespective of the age or the frequency of sycamore in the species composition; differences only related to its intensity. The disease symptoms found on trunks and in crowns of sycamores were characterised by a large variation, what makes them similar to the condition observed in other deciduous trees, in particular beech, oak and ash (K o w a l s k i , 1991; K o w a l s k i and Ł u k o m s k a , 2005; R o j e k , 2005). Some disease symptoms in sycamore crowns were a result of the direct infection by fungi of organs in this part of the tree. A typical example may be the symptoms of tar-spot disease of leaves caused by Rhytisma acerinum. The symptoms of leaf atrophy and discoloration, as well as Disease symptoms and their frequency of occurrence in sycamores... the dieback of branches not affected by pathogenic fungi, observed in crowns, could be secondary symptoms resulting from disease-related changes on sycamore trunks, which included bark cankers of different type, shape and size. Local cankers which were healed, visible on the trunk cross section with the shape of the letter T, can be considered to be the least dangerous for the further growth of the tree. Plate-like or strip-like cankers, combined with bark cracking and falling off, should be included among the most dangerous ones. A high formation frequency of of such bark cankers type was observed in certain periods of time also in other countries. Their reasons are attributable both to abiotic and biotic factors. It has been proved in the United Kingdom that the mass occurrence of bark cankers in sycamores was related to the previous occurrence of a drought period (B e v e r c o m b e and R a y n e r , 1978; Mu r r a y , 1978; G r e g o r y , 1982). Bark dieback was always connected with anatomical changes in vessels and cells of the pith rays in the area of late wood of the youngest annual growth ring (Mu r r a y , 1978). However, it could not be shown whether the cambium in the regions of cankers was dying as a result of drought or infection by fungi of trees being under the stress conditions. In the area of such cankers, the presence of Nectria coccinea, Verticillium tenereum (Nees ex Pers.) Link, Diplodina acerina, Phomopsis pustulata and Dichomera saubinetii was found most frequently (B e v e r c o m b e and R a y n e r , 1978; Mu r r a y , 1978; G r e g o r y , 1982). Nectria coccinea was also found numerously in the area of cankers on sycamore trunks in Upper Austria, where not climatic factors were recognised as the factor making sycamores more susceptible, but changes in the substrate associated with mining of lignite. In these sycamores, an additional symptom was several-metre-long bark cracks in the above-ground portion of trunks (C e c h , 1994) . Nectria coccinea was also the species which was present most often on dead bark and in wood of trunks of the examined sycamores in the Rymanów Forest Unit. This species was similarly often found on beeches inhibited by the beech scale Cryptococcus fagisuga Lind. (K o w a l s k i and K l e b a n , 2000). The ability to cause bark cankers by N. coccinea in sycamore and beech has been shown experimentally in the event that the inoculum was introduced in the place of injury on trunks of living trees, however, if these trees were in a good condition, cankers were of limited size and were healed (P a r k e r , 1975; Gregory, 1982 ; K o w a l s k i and K l e b a n , 2000). Fusarium solani, currently isolated from wood in the area of T-shaped healed cankers, is a fungus species found in association with such symptoms also in other species of deciduous trees (Wo o d and S k e l l y , 1964; P r z y b y ł , 1985; K o w a ls k i , 1991). Wo o d and S k e l l y (1964) have shown that it is able to cause, by itself, cankers of sugar maple only in the case of inoculation in the period of vegetation dormancy. P r z y b y ł (1985) has confirmed the pathogenicity of F. solani, inoculating four-month injured shoots of poplar. The most probable factor affecting the development of injuries on sycamore trunks, allowing the abovementioned infections and other fungus species to occur (Tab. 4), could be weather anomalies primarily related to the occurrence of low temperatures. They are particularly dangerous when they occur at the end stage of winter, and their characteristic feature is that temperature drops follow over a dozen day-long warmings, what has been shown experimentally with respect to common oak (K o w a l s k i , 1981; Th o m a s and H a r t m a n n , 1992).
Bark cankers and dieback of sycamores in the Rymanów Forest Unit were accompanied by characteristic internal disease symptoms, visible on trunk cross sections. The results of isolations do not show that only one fungus species is connected with a particular type of discoloration. A lot of evidence shows that the observed discolorations are an effect of an accumulation of phenolic substances in the so-called reaction regions as a result of infection of sapwood by various fungi and bacteria. In maples, they often have greenish or orange discoloration (Z i m m e r m a n n , 1974; Pe a r c e , 1996). Such numerous isolations of Nectria coccinea from discolored sapwood of the examined sycamores show that this species, after causing bark cankers, is able to grow across the deep layers of wood. As its mycelium may grow already at a temperature of several degrees above zero, most probably in nature the wood of sycamore trunks is infested also during the period of vegetation dormancy (Mu r r a y , 1978) . In the explanation context of the of sycamore diseases causes, special attention should be paid to the establishment of the of internal symptoms presence (Fig. 7) , very similar to the a disease symptoms of maples, mainly sugar maple, in North America termed "sapstreak disease of maple" (H e p t i n g , 1971), and the isolation, from sycamores with such symptoms, of the fungus Chalara sp.1 with its features similar to the anamorph of Ceratocystis coerulescens s.l. However, some taxonomic problems appear in this respect. In North America, Ceratocystis virescens (Davidson) Moreau is currently reported as the perpetrator of "sapstreak disease". In Europe, a morphologically similar species Ceratocystis coerulescens was treated as the perpetrator of wood blue stain of coniferous trees (B u t i n , 1996). Hu n t (1956) recognised these species as synonyms and they were treated in this way for several dozen years in most mycological monographs and studies (Z a j o n c and Wu l f , 1997). In many studies, however, differences are indicated in the vegetation stages of these species belonging to the genus Chalara (N a g R a j and K e n d r i c k , 1975; K i l e and Wa l k e r , 1987). Ultimately, based on molec-ular studies, it was proved that Ceratocy stis virescens is a separate species, and within Ceratocystis coerulescens five morphological types were first distinguished (Wi t t h u h n et al. 1998), and then they were described as new species (H a r r i n g t o n and Wi n g f i e l d , 1998). The explanation of affiliation to species of the cultures isolated from diseased sycamores and currently identified as fungi from the genus Chalara will require further methodologically oriented taxonomic studies.
